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At ayot:en 1n£tiauutbn t:ime. theinteraegment refercncco made between

to aegmnl:o 1n other ringa cannot be 1inked at ini.tial:l.zat:ion cime since

thc ugmenta :o vhich the referencea arc direct:ed, are not available at
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et oxocution tim by .arranging for the nnkage faulta‘t:o occur 1n cha ring
. to which cho call out is directed, - =
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‘ In order to ainpufy unking of calls out from the hardcore ring all the
.‘.‘:7 calls are directed through one procedure. That 1is,

only one hardcore modulo .
. ever calla ouc to any segmenta not 1n the hardcore ring.

known as

'I'h:l.s procedure is
bcs_out and it has an entry point for each diatinct procedure whtch

can be caued t‘ron a hardcore ring module. Calls out

‘are then handled m o
- o the fouowing \uy. '

Hcs out hu a dtatinct copy of its linkage section in each _protection ri
Hes_our 1S alwoys Bavered hrou the

gi Copy 04 B linkage, Seehin in W
ﬁm Vpon entry, hes_ oue determines .to whic

h protection rinz the call is dtroctod,
m& thou %' base pair 1b(-1p t:o point to the copy of -the unlugo

hardcore aupcrwuor nodulea are prelinked.' References from hardcore modules - 3
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section that resides in that ring. At this point, hcs_out merely calls,
that is, transfers through its new linkage sect‘.iot'g;'o the desired procedure
and the linkage fault will occur in this new linkage section residing in

' the entered ring.

L‘etv us present an example to clarify the above. Figure 1 illustrates. the

probieﬁx.

"Sﬁ.;aposé' segment <a» in the hardcore ringidesires to call segmént<h> in
' ghe _adm'inistrative ring. The cod'e in segment <g> would be:_‘k
| call hcs_out § b; .
At sy;tem initialization time <a: link> 'is linked directly to {hcs_out.link.> ’
‘the linkage section of hcs_out in the hardcore ring. The flow of control
is as follows: <a> transfers through its linkage section to the hardcore
" linkage section of hcs_out, which in turn transfers directly to the entry

(ot can €aléunlate) :

hes_out § b. Hcs_out knowsAthat { b)presides in the administrative ring,ams

“Fherefore hes_out executes an eaplp for ( hcs outl,linke®>> and then merely

M%— 0“’"’11“'\!
calls ¢ b> ,that is, transfers through <h=a-_gﬁ-l-i-né> to {b.1link> .

1f this is the first time that{b> has been called from hcs_o;xt, then a

~Ou+d.link : .
linkage fault will occur in 4&9-#@4}. |

Biscussion

Each process has its own diétinct version of hcs_out. Segment <hcs_out>
consists of a number of entries and an array of pointers to its various
linkage sectiong, orie per ring. Initialiy thig array of linkage pointers

is"filled with "software simulated" fault word pairs (see Section BB.5.03).
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RefAer"ence to one of these féult word (pairs will generate softﬁare simulated
: -faull.: number 4. This fault is serviced in the hardcore ring by creating a
. copy of(hcs_out@ink) in the»appropriate ring énd filling the faulting |
fword pair with a pointer to this new linkage sectionm. . In this way the - .

various -,‘linkage sections can be created dynamically only as they are needed.

' Hcs__ouﬁ is used by all procedures, pre-linked at system initialization time,
‘which have reason to call procedufes in other Irings. For example, the

' fault interceptor, which resides in all rings,' is pre-linked at initialization

t ime. All references by the fault interceptor to procedures outside the

hardcore ring are therefore directed through hcs_out, although if the fault
interceptor is in ring n calling a ring n procedure, one would not

ordinarily consider this a call out ‘from the hardcore/ring. '

' Let us go through an example to illustrate this. Suppose the fault interceptor
m ting3
operating in ring 3 wants to call subroutine signallf The flow of control

is as follows (see figure 2):

1, The fault interceptor (< fim)> in the diagram) executes a call that .

looks like: i
call hcs_out$signal (argh s+) ;L
where ar‘f,lln- S¥he lér 08 arqumenrts -&wa ‘Y I-Q M/fd&dﬂ/ﬁl W‘J

whislr results in a transfer through its linkage section (( fim.link>) .
hordeo e ' o

to the,linkage section of hcs_out,with which it was pre-linked

at initialization time. That is, ¢ fim.link> transfers to

hes<0utO0.\in
- >. This implies that both <fim.link> and

hes—out0. link '
(my{é’iﬁ) > reside in each ring.

hes «oudO. Ly
2. In <$irsem >1s a standard entry which sets 1b€—l1p to

point to this linkage section and transfers to the procedure. That 15,
GV thou +his (s being  execated tn ving 3, 2ptty Yo hes-oat 1S
S+ill wade varough 1vs hardesre \mkoge  seekoim LI
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3. Hcs out then calls subroutine getring to find out what ring it is

o Croltnliramemisa (e Yerm s $0 which —
: currently executing in, T'hcu» s, 1+ desermne
SR iy (NN SCOR~ ¥ aﬂm&(.sw‘\‘o‘\

" 4, Hcs_out then reloads 1b<—~1p to point to the copy of its linkage -

oy i that" exists in the nng currently active. [Reloadhg the linkage
' 1“

pointer aj& cause generation of software simulated fault number

4 if this Lt is the first time hcs_out has executed in this ring.
~Theg potenped touslt is ireleveux o mopenm.\ of ks gut. . T+s hcu\d/mg lmkes " »

._,A(omf“‘t‘d‘("*ﬂw The handling of this fault is described below. ]

5. Finally, hes_out merely calls s1gna1. That is,it transfers
through its linkage section to signal possibly causing a linkage
_fault to occur. Entry to signal is made through itslinkage section

in that ring.

Note: Segments which reside in more than one ring must have residen}
linkage segments in these rings. If the segment expects to gzggg;gglly

" link to other segments,as in the case of signal)then distinct copies of the
linkage sectbn must be in each distinct‘ring., If the segment is pre-linked ..

and if its pre-linked linkage section is read only,as in the case of the

fault ihterceptor, then the same linkage can reside in each ring.]

.

In this way one can see how the fault interceptor, which is linked to hcs_out
at system init{al_ization time, is able to reach signal dynamically at execution

time.

Software Simulated Fault Four

Thia. fault is signaled in the hardcore ring. The faultw
S s Gemerated by He following ; seusER
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A W segment(hcs_out'>. The handler for this fault
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eaplp Xy ¥
Xe ) s it
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ﬂn)’ eaplp |nstrwehin W A - an agWJ‘ \‘:‘Z\C s will  gornar he badlh -
o : ser obw
" The only legitimate place for such a.w.,a—pér to exist is in ch-a‘ay—%‘f

’(niast:er mode since it must write in read only £_hcs_out>) checks to see if

+hey
the' Md@reside in this segment. If gq\do‘the appropriate

copy of Zhcs_out.link) is made in the appropriate ring and the word pair a* X
,qs\P\’nc’hOn .

. is replaced by an ITS pointer. 1f the faulting paie—wewd is not in this

segment an error is signaled.
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